ive Motor Workshop

Cree Power — Sept 2014 HMW Direct-Dr

Jeff Casady, +001.919.308.2280 or jeffrey casady@cree.com

\
John Palmour, +001.919.796.4243 or john_palmour@cree.com

Power products commercial roadmap for SiC from 2012-2020
— Jeff Casady

Power products rel data & pricing forecasts for 650V-15kV
SiC power modules, MOSFETs & diodes — John Palmour

CREE®

www.Cree.com

~
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Cree SIC MOSFET Portfolio Beginning in 2011

>13 products and growing
1200V MOSFETSs (Bare Die)

- CPM2-1200-0025 (25mQ; 60A)
- CPM2-1200-0040 (40mQ; 40A)
- CPM2-1200-0080 (80mMQ; 20A)
- CPM2-1200-0160 (160mQ; 10A)

1200V MOSFETs (TO-247)

~  C2M0025120D (25mQ; 60A)
- C2M0040120D (40mQ; 40A)
- C2M0080120D (80MQ; 20A)
- C2M0160120D (160mQ; 10A)
- C2M0280120D (280mQ; 7A)

1700V MOSFETs New 1700 V MOSFETSs needed for PV inverters with 1.0-1.5 kV bus voltages

- C2M1000170D (1Q, 3.0A) TO-247

mm) - CPM2-1700-0040 (40mQ; 50A) Bare Die d

CREE®



Cree All-SIC Power Module Portfolio Beginning in 2012

> 7 products and growing
50 mm Platform Half-Bridge Configuration *

- CAS100H12AM1 (1200V, 100A)
-  XAS125H12AM2 (1200V, 125A)
- XAS125H17AM2 (1700V, 125A)

L

45 mm Platform 6-Pack Configuration i , 5
_ ]
- CCS050M12CM2 (1200V, 50A 6-pk) é"-’ pIpIE L
- CCS020M12CM?2 (1200V, 20A 6-pk)

62 mm Platform Half-Bridge Configuration s - - =

- CAS300M12BM2 (1200V, 300A)
- CAS300M17BM2 (1700V, 250A)

1700V ¥ bridge released! J Cree confidential information protected under NDA

CREE® )




Cree 1700V, 8mQ, Y2 bridge power module available NOW

Full commercial release — e —
Se ptembel’ 2014 @ichardsgqmo ANVOW
o~ Login  Enospng O BMNN o ses Soarer
Pare Mrrier ayward
- . . rRODUCTS APPLICATIONS TECHMOLOMES srvicrs ABOUT US WHAT'S NEW CONTACT US ORLIGN RESOURCE CANTIN
Aval Iable g IObaI |y —_— Dlg | key’ HOME > PRODUCTS » Semconcuctors - Oscreies > Transatans > Power Tianusians > $8con Carbide Poww TramsistoryModuies > Sikoan Carbice Power TransstoryModvies
. PRODUCTS CASIOOMI7BM2 crue, 1w
Mouser, Richardson/Arrow Pur e tncy Sicon Carde Power TransistoruModulos R
H . . Pomr 1GHT Tramsier [ CEE
(right), ... ~ $850 single unit I CRes e
Trass ¢ lormAd odu e Sabs - f“a s R, ==
- o e i @p (¢ >
Gat_e drivers, app notes me— ;";_::"::ﬁm‘” A i e
available —— B e - o
PR e e e :::"“;‘5‘;. Pose
o SiC
oy Mwn e Ve Avatehl vy S ] ! ~ (
@ vorage 1oV ot ¢ Tiew Your SIC '
N ‘! } :”(‘:') ."’: q:;: — “:.... Power Resource
‘ _ Comiganmtion | Wal-brop'S K MCSFET/SC dode i N
20 kst ‘ Package Typw | 624106 Re S Quote
3 ; Quantays
- . | A rocmmn | somomne |
PRODR’ VE ::::‘::]u! 16 @vallable (0 U following
I—TECHNGLDGIES o
2 channel; 1.2/1.7 kV 62 mm module e

gate driver direct mount
CREE® :
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SIC current ratings are much less than Si

Si Amps are not SIC Amps
300 Amp SIiC More Capable than 600 Amp Si IGBTsH—,

® Diode

* Switching

—
(2]
e
]
c;u

~—
(%]
[}
w)
(7]
o
-

* Conduction

50

(0]
SiC MOSFET 300 Amp, Si IGBT 600 Amp,
10 kHz 3 kHz

« System cost reduction of 20% using 1200V SiC
— Increased frequency reduces size and weight of magnetics
— Lower losses reduce system cooling requirements
— Amperage rating for SiC less than half required for Si IGBTs

Copyright © 2014, Cree, Inc.




SIC voltage ratings are much less than Si?

65 kV Sl IGBT USed 12,7 Cosmic Ray Failures

for 3.6 kV drives (100 00000

Si Volts are not SiC Volts

Semiconductor Power
Devices: Physics,
Characteristics,
Reliability

By Josef Lutz, Heinrich

7| schlangenotto, Uwe

Scheuermann, Rik De
Doncker

cosmic ray FIT rate)  _ wqo . |eso]
L%l 1m00 l‘ ................
45kV SIC MOSFET £ 00
used for 3.6 kV line? § + sealevel
g 10 | | — fit for sea level
i & it - fit for 2000m
10 kV SIC MOSFET E Vi S == fjt for 4000m
used for 72 ka) E 0,1 ¥ "" Eiiiiriiiiiing : _ “I'i.tl{J”r“E-D?FI'.m
oon ......................
3400 3500 3600 3700 3300 3200 4000 4100 4200 4300

Viar [V]

Fig. 12.4% Cosmic ray failure rate at T= 25°C for the 6.5 KV IGBT module 35SNADGO0GHS010H
from ABB. Figure from [Kam04]

« Medium Voltage SiC MOSFET roadmap must respond to application

— 10X higher switching frequency, lower thermal dissipation possible

— Cosmic ray, other reliability metrics may be 100X better

— All requirements, eg. short circuit, surge must be understood

Copyright © 2014, Cree, Inc.



10X higher switching for SIC MOSFET than Si IGBT

Dramatic Reduction in System Weight and Complexity
compared to Silicon

30 i

I 7.2x7.2mm2Gen 36.5kV
25 | Nominally 25 A
20

7.2 x R2mm2Gen 3 10 kV MOSFET
Nominally 15 A

Amperes
'—\
ol

10 - 10x

5 | 6.5 kV Si IGBT
(5SMX 12M6501 - ABB)

1 10 100
Switching Frequency (kHz)




3rd Generation SiC MOSFETs

Smaller pitch
|

_/ Source Contact Metal \_ f Source Contact Metal \_

Inter-metal Dielectric

Inter-metal Dielectric

I Degenerately doped Poly Si Gate I

Oxi

I Degenerately doped Poly Si Gate |

Optimized doping

N* 4H SiC Substrate

S PCTE . e T o F e Fr G VI SN e o Ve i S o) Ve e il o Vi s o o e S o 1]
R s P e B R e e S R S IR B e B R

=

Drain Contact Metal Drain Contact Metal

Gen 2 DMOS Gen 3 DMOS

Commercially released in 2013

Same high reliability DMOS Structure, but
optimized to dramatically reduce die size

e




3.3 kV, 40 mQ,

Electrical Characteristics (T. = 25°C unless otherwise specified)

“40 A” MOSFET Engineering Samples

Test Conditions

Available under

NDA

PRELIMINARY CREES = =
Vamoas

3.3kV y Vos = 3300 V .

Z-FET™ Silicon Carbide MOSFET LiT=90°C) =454 -

N-G‘ur_r-ei Enhancement Mode Reaf25°C) = 80 ml

Bare Die |

- R&nﬂf. loaa

»« High Spead Switching

»  Temperature-Independent Swilching Bare Dwe Ros

+ Easyto Parallel o '

= Samphe 10 Dive 7 \

= Higher Sysiem Eciency : G = !

*  High Temperatue Operation

= High Swilching Frequency Oparation
» Reduced Cooling Requirements

*  Avalanche Rugoedness

Applications

P achage

‘|

Mode:
1. Assumes a Bwrmal esistance junciion o case of = 0.3 "CAW

Gate Pad Dymensions

Chip Thickness

Frontside (Source)
mietallization (Al)

Frontsde (Gate)
metallization (Al)

Backsade (Drain)

mietallization (NifAg)

Unit

mm

mm

mm

um

um

um

um




10 kV, 300 mQ, “20 A” MOSFET Engineering Samples

PREUM'N ARY CREE Q Electrical Eh:r::::uﬁct {Tf:se gpic:eﬂmm —
Available under

Symbol
Viameas Violtnge
CPM3-10000-0270 - —r S :
Z-FET™ Silicon Carbide MOSFET L(25°C) =30A N D A
N-Channel Enhancement Mode Rpa(25°C) =270 mid
Bare Die or Engneenng Sample Package loss Zewo Gale Voltage Orain
Current
. IﬂJSWLmEm“ | Loas Gabe-Source Leakage Cument
s High Speed Swilching
+  Temperature-independent Switchang Bare D gy, | DYan-Source On-State
= Easy o Paralel Resisiance
*  Simple o Drive
= Lead-Fres I =)
n — 5 Trarsconductance
Benefits '
. G Input Capacitance
+  High Temperature Operation | Com Outpt
+  High Switching Frequency Operation 6 A | Gy | Reverse Transter e
. R S " Ra Internal Gabe Fesistance
= Avalanche Ruggedness Eom Tum-On Switching Loss
lications. Ecer Tum-Off Switching Loss
. oS

«  Medium Voltage Molor Drives
+  Power Destribubon in Data Cenders and Faciones

* Ratway Appicabons Fan Nt b — . .
) A Mechanical Dimensions

Maximum Ratings (T = 25°C unkess ofherwise Unit
Die Dimensions (L x W) mm
Exposed Source Pad Metal mim
Dimensions
Gate Pad Dimensions mim

ICK MEss um
Frontside [Source) pm
metallization (Al)
Frontside [Gate) pm
metallization (Al)
Backside (Drain) um
metallization (NifAg)
[ "C_[ 1 6nm (0 D637 frowm cas Bor 10 30 |




10 kV SiC MOSFETs in Boost Converter (Fraunhofer ISE)

Efficient, “transformer-less” power distribution to
medium voltage grid

* Fraunhofer DC-DC converter used 10kV
SiC MOSFETs from Cree

« 30 kW DC voltage converter with 3.5 kV
input voltage, 8.5 kV output voltage,
98.5% efficient

« 8kHz switching frequency 15X higher
than possible with conventional silicon
devices in the same voltage range.

Z Fraunhofer

ISE

A Highly Efficient DC-DC-Converter for Medium-Voltage Applications
BOX |S 3 A Jurgen Thoma, David Chilachava, Dirk Kranzer
— - ENERGYCON 2014 » May 13-16, 2014 * Dubrovnik, Croatia

Copyright © 2014, Cree Inc.
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Proven Reliability with Industry-Leading Standards

Cree Field Failure Rate Data since Jan. 2004
through Mar. 2014

Product Device Hours FIT
(fails/billion hrs)

CSDxxx60 426,000,000,000 0.05
C2Dxx120 146,00,000,000 0.54
C3Dxxx60 367,000,000,000 0.02
C4Dxxx120 26,700,000,000 0.04
[ SiC MOSFET 1,140,000,000 3.5 ]

Total 972 Billion 0.12

* 0.12 FIT rate is 10 times lower than the typical silicon
e SiC diodes first released in 2001
e SiIC MOSFETSs first released in 2011




Reliability Meets All Commercial and Military Requirements

. o . o
Accelerated HTRB Testing at 150" C Accelerated TDDB Testing at 150" C
1e+a ; 11_:39 | i
=3 I = | I
1 ' 1e+84 R
e “ et \| | Tested to
=7 ® Tested to failure Jos7 o | ol X
1e+7+ — t hiah es allure a
' at very hig s | | :
= | : | 3 | Vvery high G-
_ | Drain voltages 1e+6 C Sl s voltages
0 e+l I —_ 5245 9
= 5245 | o 3245 I '{._
o 3245 5 | I,
L | o le+hy I |
o le+b3 I T Sa4d | |
= ) | . g 1e+d | |
Te+d3 | k] = 5243
5243 . 3243 | |
3243 | L | |
I " 1e+3 | |
le+33 | .\_ 5347
Sa42 3342 | |
3342 | | | 4
| 1e+2 | |
1e+24 S2+1 o
5241 : B+ | |
= | 1e+1 — T T T T T l T l L s * T
1e+1 T T T T T T T T T T T 0 5 10 15 20 25 20 35 40 45
600 800 1000 1200 1400 1600  180C VgStress
Wd5tress

« MOSFETs have extrapolated MTTF of 30 million hours
« (Gate oxides have extrapolated MTTF of 8 million hours at +20V continuous

Copyright © 2013, Cree Inc.



C2M V., Stability at High Temperature, +/- DC Bias

Positive Bias Accelerated at 175° C

Negative Bias Accelerated at -15V

Vi (V)

1.0
0.5
0.0

In-Situ Monitored Data

Vgg = +20V
T=175" C

0 200 400 600 800
Time (hr)

1000

Vi (V)

4.0
35 |
3.0 |
25 |
20 |

In-Situ Monitored Data

T=150° C

1.5 [F———

1.0 |
0.5 -

0.0

400 600 800 1000
Time (hr)

« Extremely stable for 1,000 hours under positive and negative bias

— Accelerated beyond data sheet to see any measurable change
— Average shift under positive bias: AV, = 0.06 V, ARys oy = 0.1 mQ
— Average shift under negative bias: AV, =0.01 V, ARps oy = 3.2 MQ

Copyright © 2014, Cree, Inc.



MOSFET Off-State Blocking Reliability
8 kV, 200°C, 1000 hr HTRB of 10 kV SiC MOSFET

200 —WW—N‘"—&WM
DUT Temperature = 200°C

i 150
5 S
m'ﬁ 100
g3
S S
-~
~ 50
-
o

0

0 100 200 300 400 500 600 700 800 900 1000
HTRB Duration (hr)
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Vertical integration in the power semiconductor industry

Global SiC Power Chip Supplier Rankings (2013)

2013 Rank Supplier HQ Location

1 CCree > USA

2 Infineon Germany Top 5 suppliers (95% of
market) with US supplier

3 Mitsubishi Japan (Cree) No. 1 shown on left

4 ROHM Japan

5 ST Micro FR-IT I I-I I

Global Si and SiIC Power Module Market Share (2011)
2013 Rank Supplier HQ Location

1 Mitsubishi (inc Powerex) Japan (] Vertical, captive chip supply
2 Infineon Germany - Vertical, captive chip supply
3 Fuji Japan ® Vertical, captive chip supply
4 Semikron Germany - Foundry module vendor
5 Hitachi and Sanyo (tie) Japan . Vertical and foundry mix

Copyright © 2014, Cree, Inc. — see title page for restrictions




SiC Leadership — Leveraging Vertical Integration & Scale

Cree Main Campus
Durham, NC ™

150mm wafer capability in
RTP facility
> $40M invested in RTP fab
capacity expansion over
3 years

« Vertically integrated $1.65 B business:
— Virtually all revenue based on SiC substrates

— Unmatched command of supply chain from raw materials to finished
products (including power and RF devices, LEDs, light bulbs and fixtures)

— Avoiding margin stacking in supply chain provides attractive cost structure

Copyright © 2013, Cree, Inc. CREEO pg. 22



Cost reduction from volume and device refinement

100%

600V Schottky

Schottky
80%

A—
Gen 1
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60%
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Solid Lines = Actual
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Cree is the leader in Silicon Carbide power semiconductors.

Cree is one of world’s fastest-growing

power semiconductor manufacturers.

Cree has excellent capitalization.

Cree is vertically integrated—for an
efficient supply chain and product
traceability.

Cree has the technology roadmap for
improved SiC production and cost
reduction.



